To address mechanoreceptive roles of trigeminal ganglion (TG) nerve endings in the inner walls of rat anterior eye chambers, we investigated the mechanotransduction process and mechanosensitive (MS) channel on somata of TG neurons innervating this area in vitro. Rat TG neurons innervating inner walls of anterior chambers were labeled by anterior chamber injection of 1,1=-dilinoleyl-3,3,3=,3=-tetramethylindocarbocyanine, 4-chlorobenzenesulfonate (FAST DiI). The neuronal cell bodies were voltage clamped using a whole cell patch-clamp technique, while it was deformed by ejection of bath solution to verify mechanotransduction. Immunofluorescence staining was performed on sections of TG ganglia to determine the specific MS channel proteins. Mechanical stimuli induced MS currents in 55 out of 96 FAST DiI-labeled TG neurons. The MS currents exhibited mechanical intensity-dependent and clamp voltage-dependent characteristics. Mechanical stimulation further enhanced the membrane potential and increased the frequency of action potentials. Transient receptor potential ankyrin 1 (TRPA1), TRP vanilloid 4 (TRPV4), acid-sensing ion channel (ASIC) 2 and ASIC3 channel proteins were expressed in FAST DiI-labeled TG neurons. The inhibitory effect of HC-030031, a specific inhibitor of TRPA1, on MS currents demonstrated that TRPA1 was an essential MS channel protein. Taken together, our results show that mechanical stimuli induce MS currents via MS channels such as TRPA1 to trigger mechanotransduction in TG neurons innervating inner walls of anterior chambers. Our results indicate the existence of mechanoreceptive TG nerve endings in inner walls of anterior chambers. Whether the mechanoreceptive TG nerve endings play a role in intraocular pressure sensation warrants further investigation. intraocular pressure; mechanosensitive channel; baroreceptor; trigeminal ganglion; transient receptor potential ankyrin 1; glaucoma; neural regulation; anterior eye chamber; mechanotransduction SIMILAR TO BLOOD PRESSURE, the intraocular pressure (IOP) remains within a relatively narrow range under normal conditions. Ever since Mackenzie pointed out the association between IOP elevation and glaucoma in 1830 (43), tremendous efforts have been made to elucidate the mechanism by which normal IOP is maintained.
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Previous studies have shown that the relative stability of IOP is regulated, at least in part, through a neural feedback mechanism (32, 43) . The modulation center of IOP has been proposed to be located in the diencephalon, and the autonomic sympathetic nervous system might be the efferent pathway in the control of IOP (20, 21, 43) . The trigeminal ganglion (TG) nerve is the only primary afferent nerve that carries sensory signals from the eye. It has been reported in cats that there is a relationship between IOP values and the frequency of action potentials (APs) from the ciliary nerve, a branch of the TG nerve (4, 43, 53) . Therefore, the TG nerve has been proposed to be the primary afferent nerve in neural regulation of the IOP (4, 43, 53) . However, how IOP variation can trigger APs, and the process of conversion from mechanical signal into biological response, remains elusive.
Mechanotransduction refers to a process in which cells sense the physical environment by translating mechanical forces and deformation into biochemical or bioelectric signals. This constitutes the basis of fundamental physiological processes such as the senses of touch, balance, proprioception, and hearing, and makes a vital contribution to homeostasis (13) . These functions are carried out by mechanosensory neurons; mechanotransduction begins at the sensory nerve endings, which are called mechanoreceptors (13) . The ability of mechanoreceptors to detect mechanical stimulus relies on mechanosensitive (MS) channels on the sensory nerve endings (13) . The sensation of blood pressure variation through artery baroreceptors is a typical process in mechanotransduction. Arterial baroreceptors are mechanoreceptive nerve endings that innervate the adventitia of carotid sinuses and the aortic arch. The tension and deformation of the artery wall triggers the opening of MS channels on the membrane of nerve endings and induces ionic currents depolarizing the afferent nerve (6, 16) . Changes in the frequency of baroreceptor afferent discharge are transmitted to the central nervous system (CNS) and trigger reflective adjustment (6) .
It is well known that compression of the carotid sinus can promote carotid sinus syndrome, while compression of the eye can promote oculocardiac reflex. Therefore, one may propose that similar mechanoreceptors may exist in the eye and carotid sinus. In fact, MS channels have been found in different cell types in the eye, such as TRAAK protein in mouse retinal ganglion cells (45) , Piezo1, Piezo2, TWIK-related acid-sensitive K ϩ channel 1 (TASK1), TWIK-related potassium channel-1 (TREK1), and transient receptor potential (TRP) channels in human trabecular meshwork cells (51), stretch-activated large conductance calcium-activated potassium channels (BK Ca ) in cultured bovine trabecular meshwork cells (19) , and stretch-activated channels in human retinal Müller cells (44) . Based on some of these findings, Kalapesi and Tan even hypothesized in their reviews that MS channels might be ocular barometers (26, 50) . Recently, Luo et al. (36) reported that primary cilia in human trabecular meshwork cells regulate IOP through mechanosensation mediated by TRP vanilloid 4 (TRPV4). However, trabecular meshwork cells and Müller cells are not neurons; retinal ganglion cells are specialized to deliver visual signals, therefore, MS channels in these cells are more likely to be barometers of single cells instead of the whole eye. Previous reports have shown that TG nerve endings in the scleral septa and the trabecular meshwork of human and monkey eyes exhibit typical morphological characteristics of mechanoreceptive nerve endings, contain numerous mitochondria, and are in close contact with extracellular matrix components, especially the elastic-like fibers (46, 49) . However, whether the mechanoreceptor-like TG nerve endings play a role in mechanosensation is still unknown.
Based on the above knowledge, we hypothesized that the mechanoreceptor-like TG nerve endings distributing in inner walls of anterior chambers may be equipped with MS channels in the membranes, and may play a role in mechanosensation of IOP. The small size and inaccessibility of sensory nerve endings have hampered the direct investigation of mechanical transduction processes on nerve endings. Based on the fact that specific receptors and ion channels present on the nerve endings are also present on the soma of cultured neurons, strategies using the isolated neuron as a model to uncover mechanisms of sensory transduction of the nerve ending have been developed (6, 13) . To validate the hypotheses, we have done some preliminary exploration in this present study. We harvested TG neurons innervating inner walls of anterior chambers after 1,1=-dilinoleyl-3,3,3=,3=-tetramethylindocarbocyanine, 4-chlorobenzenesulfonate (FAST DiI) labeling, and performed a whole cell patch-clamp experiment to verify the mechanotransduction using the neuronal cell body as a substitute of the sensory terminal. The specific MS channel proteins in the membrane of FAST DiI-labeled TG neurons were determined by immunofluorescence.
MATERIALS AND METHODS
Reagents. FAST DiI (Invitrogen, Carlsbad, CA) was dissolved in dimethylsulfoxide (DMSO) to 5 mg/ml as a stock solution and diluted to a final concentration of 2.5 mg/ml with deionized water for FAST DiI retrograde labeling experiments. Amiloride, lanthanide gadolinium (Gd 3ϩ ), ruthenium red (RR), allyl isothiocyanate (AITC), and HC-030031 were purchased from Sigma (St. Louis, MO). All of the reagents were prepared as stock solutions and stored at Ϫ20°C. These stock solutions were diluted to their final concentrations with extracellular solution (in mM: 147 NaCl, 5 KCl, 1 MgCl 2·6H2O, 2 CaCl2, 10 D-glucose, and 10 HEPES) before application. Amiloride (100 M), Gd 3ϩ (25 M), RR (5 M), and HC-030031 (25 M) were applied by direct dissolution in extracellular solution directly. AITC was diluted to a 50 M concentration with extracellular solution before application and was applied via tube drug application system. The final DMSO concentration was 0.05% for the patch-clamp experiments. Dulbecco's modified Eagle's medium (DMEM)/F-12 and fetal bovine serum (FBS) were from Gibco (Carlsbad, CA). Papain was obtained from Roche (Basel, Switzerland). Collagenase (type Xl-S) and DNase I (type IV) were obtained from Sigma. Penicillinstreptomycin was from HyClone (Logan, UT). Rabbit anti-TRP ankyrin 1 (TRPA1), anti-TRPV4, and anti-acid-sensing ion channel (ASIC) 3 polyclonal antibodies were obtained from Alomone Laboratory (Jerusalem, Israel). Rabbit anti-ASIC2 and anti-Piezo2 polyclonal antibodies were obtained from Sigma. Rabbit anti-Piezo1 polyclonal antibody was from Lifespan Biosciences (Seattle, WA). Goat anti-rabbit fluorescein isothiocyanate (FITC)-conjugated secondary antibody was from Jackson Laboratory (Bar Harbor, ME).
Animals. Adult Sprague-Dawley (SD) rats (180 -200 g) were individually housed in plastic cages with free access to food and water and maintained in climate-controlled (23 Ϯ 1°C) and light-controlled FAST DiI retrograde labeling. DiI labeling does not appreciably affect cell viability, development, or basic physiological properties (23, 24) . Therefore, DiI has been commonly used in neuron tracing for whole cell patch-clamp studies. In our previous study, we explored the sensory innervation of inner walls of rat anterior chambers using retrograde tracing with FAST DiI (33) . In this research, FAST DiI retrograde labeling was performed to identify the cell bodies of TG neurons innervating inner walls of anterior chambers, as previously reported (33) . In brief, after the rats were deeply anesthetized with 10% chloral hydrate (4 ml/kg) and topically anesthetized with 0.4% oxybuprocaine hydrochloride eye drops, a borosilicate glass was inserted through the cornea into the anterior chamber of the eye. Caution was used to avoid injuring the iris and lens, as well as to avoid aqueous humor leaking from the cornea. The borosilicate glass pipette was connected to a 10-l Hamilton syringe. Three microliters of FAST DiI solution (2.5 mg/ml in DMSO) were injected slowly (3 l/min) to avoid inducing acute intraocular hypertension. The animals were declined access to water after revival for 12 h.
Cell preparation. Four days after the injection of FAST DiI, the rats were anesthetized with chloral hydrate and euthanized by decapitation. Care was taken during the cell separation and culture procedures to minimize exposure of the cells to light. The ipsilateral TG was dissected in D-Hanks' balanced salt solution (HBSS) at 4°C and then incubated in 0.1% collagenase and 20 U/ml of papain in modified HBSS (pH 7.4). After incubation for 30 -50 min at 37°C, individual cells were dissociated by triturating the tissue through a fire-polished glass pipette, followed by incubation for 10 min at 37°C in 10 mg/ml of DNase I in modified Hanks' solution. After being washed three times with modified HBSS, the cells was cultured in DMEM/F-12 supplemented with 10% FBS and 100 U/ml of penicillin-streptomycin. The cells were plated on glass coverslips and cultured for 1-3 h at 37°C in a humidified atmosphere with 20% O2 and 5% CO2. Cells were used for further experiments within 24 h after plating.
Electrophysiological experiments. Whole cell patch-clamp experiments were performed at room temperature (25°C) on FAST DiIlabeled TG neurons using a HEKA EPC-10 patch-clamp amplifier (HEKA, Lambrecht/Pfalz, Germany) connected to a compatible computer via a D/A and A/D converter. A Nikon fluorescence microscope was used to identify FAST DiI-labeled TG neurons. Voltage-clamp experiments were performed at a holding potential of Ϫ80 mV, and the sampling and filter rates were 10 and 2 kHz, respectively. The glass pipettes were made by a two-stage puller (PC-10, Narishige Instruments, Tokyo, Japan) from star-bore capillary tubes and had a resistance (Rs) of 2-4 M⍀ after the pipette solution was perfused. The Rs series was electrically compensated for by at least 75% in most experiments to minimize the capacitive surge on the current recording. If the uncompensated series Rs resulted in voltage-clamp errors of Ͼ15 M, the results were excluded. The pipette solution used for the whole cell recordings contained (in mM) 118 K-Asp, 20 KCl, 2 MgCl 2·6H2O, 10 EGTA, and 5 Na2ATP.
The osmolarity of the pipette solution was adjusted to 300 mosM/ kg, and the pH was adjusted to 7.2 with N-methyl glucamine. The osmolarity of the extracellular solution was adjusted to 300 mosM/kg, and the pH was adjusted to 7.4. Gd3ϩ (25 M), RR (5 M), and HC-030031 (25 M) were administrated via bath application, while AITC (50 M) was given via tube drug application system. Data acquisition and analysis were carried out using Pulseϩ PulseFit 8.11 software (HEKA). The current magnitude was quantified using the peak current amplitude, and the current density (pA/pF) was analyzed. A cutoff of 20 pA was selected as the minimum amplitude for response in all of the experiments based on preliminary studies.
Mechanical stimulation. Studies of electrophysiological response to mechanical stimulation at a single cell level are technically challenging. The main difficulty is maintaining a tight electrical seal between a cell and a recording micropipette while the cell body is mechanically stimulated. Several strategies have been developed to apply mechanical stimulation to the cell body to activate MS channels; these strategies are all based on membrane deformation (13) . We applied mechanical stimulation to the cell bodies of FAST DiI-labeled TG neurons using the method of fluid ejection as reported by Snitsarev et al. (48) . In brief, neurons were mechanically stimulated by extracellular buffer ejected from a micropipette using an automatic air pump (Suction Control Pro, Nanion Technologies, Munich, Germany) (Fig. 1A) . The automatic air pump provided graded pressure (10 -40 mmHg) for 200 ms each time to eject bath solution. The tip of the micropipette (2 m in diameter) was placed 12 m from the cell surface.
Immunofluorescence staining. Perfusion fixation using 4% paraformaldehyde was performed on the rats 4 days after FAST DiI anterior chamber injection (17) . TGs were dissected and further fixed with the same fixative for 24 h. After that, the tissues were sequentially soaked in 30% sucrose and 20% sucrose in phosphate-buffered saline (PBS; pH 7.4) for 24 h followed by freezing with OCT compound medium. The frozen tissues were serially sectioned at a thickness of 20 m by a freezing microtome (CM1900, Leica Microsystems, Wetzlar, Germany). After three rinses with PBS for 10 min each, the sections were then treated with 0.3% Triton X-100 in PBS for 30 min, followed by 3% bovine serum albumin (BSA)-PBS for 60 min at room temperature. The samples were then incubated with anti-TRPA1 (1:100), anti-TRPV4 (1:100), anti-ASIC2 (1:100), anti-ASIC3 (1:50), antiPiezo1 (1:50), or anti-Piezo2 (1:100) antibodies, respectively, in PBS/0.3% Triton X-100/1% BSA/2% goat serum overnight at 4°C. Following this, the samples were rinsed in PBS three times for 10 min each and then incubated with 1:50 goat anti-rabbit FITC-conjugated secondary antibody in PBS containing 0.3% Triton X-100, 2% goat serum, and 1% BSA for 1 h at room temperature. After three washes with PBS, the samples were mounted with 30% glycerin and imaged using a confocal laser-scanning microscope (model FV500; Olympus, Tokyo, Japan).
Data analysis. The quantitative data are expressed as means Ϯ SD. Differences between each two groups were compared using the paired Wilcoxon's rank sum test with P Ͻ 0.05 as the significance threshold. Associations between the current density and the mechanical intensity, and the clamp voltage were tested using the Spearman correlation test with P Ͻ 0.05 as the significance threshold. R-3.0.2 software was used for the data analysis.
RESULTS

Mechanical stimulation evoked MS currents in FAST DiIlabeled TG neurons.
The red FAST DiI-labeled TG neurons could be identified under a fluorescence microscope (Fig. 1B) . We used a whole cell patch-clamp technique for the FAST DiI-labeled TG neurons. By application of bath solution to the soma at a graded pressure from 10 to 40 mmHg provided by the automatic air pump, we obtained graded depolarizations at a clamp voltage of Ϫ80 mV (Fig. 2A) . The current density was 2.7 Ϯ 3.24 pA/pF at 10 mmHg, 7.69 Ϯ 10.49 pA/pF at 15 pA/pF at 25 mmHg, and 42.3 Ϯ 38.13 pA/pF at 30 mmHg (n ϭ 11, 11 neurons from 4 rats, P Ͻ 0.05). We found that an incremental increase in the magnitude of the currents was associated with an increase of stimulation intensity when the ejection pressure increase did not exceed 30 mmHg (Fig. 2B) . However, the gigaseal was ruptured when the ejection pressure reached a level higher than 30 mmHg. The gigaseal was ruptured in 3 out of 11 FAST DiI-labeled TG neurons at 35 mmHg and 7 out of 11 at 40 mmHg. In addition, the current density decreased to 30.8 Ϯ 32.37 pA/pF at 35 mmHg (n ϭ 8) and 18.58 Ϯ 24.53 pA/pF at 40 mmHg (n ϭ 4; Fig. 2B ). The mechanically evoked currents produced in an individual cell demonstrated a mechanical intensity-dependent characteristic. We then chose 30 mmHg as the optimal ejection pressure and conducted the following whole cell patch-clamp experiment under this pressure.
As shown in Fig. 2, C and D, the current density was 14.68 Ϯ 8.33 pA/pF at Ϫ80 mV and gradually decreased as the clamp voltage reduced (n ϭ 8, 8 neurons from 3 rats, P Ͻ 0.05). These results indicate that the mechanically evoked inward currents are clamp voltage-dependent in FAST DiIlabeled TG neurons. We then chose Ϫ80 mV as the clamp voltage in the following whole cell patch-clamp experiment.
We further found that the same mechanical stimulation evoked inward currents with different inactivation times in different FAST DiI-labeled TG neurons (Fig. 3, A and B) . To test whether these inward currents with different inactivation times were all generated via the opening of MS channels, we tested the effect of Gd 3ϩ , a widely used blocker of various MS channels, on them (12, 16) . Gd 3ϩ was added to the bath solution after the cell had been stimulated with 30 mmHg (the current density of recorded inward currents was 17.17 Ϯ 17.05 pA/pF; Fig. 3C , n ϭ 9, 9 neurons from 6 rats). The same cell was stimulated again with 30 mmHg in the presence of Gd 3ϩ (25 M) in bath solution (12, 16 ), but did not show an inward current in either case (Fig. 3D, n ϭ 9) .
These results indicate that the mechanically evoked inward currents were MS currents and were generated from the opening of MS channels in the membrane. In total, the MS currents were induced in 55 (57.3%) out of 96 FAST DiI-labeled TG neurons, while there was no response in the remaining 41 neurons (42.7%) in the present study.
Mechanical stimulations enhanced membrane potentials and promoted APs in FAST DiI-labeled TG neurons.
The mechanotransduction process involves a dual-channel activation tandem process. One process involves the activation of MS channels to initiate the receptor potential, while the other is the activation of voltage-gated ion channels that initiate APs, eventually recorded as the nerve activity (6, 18, 30, 39) . Therefore, we further investigated the effect of mechanical stimulation on the resting membrane potential in FAST DiI-labeled TG neurons, in which the MS current had been recorded. We found that ejection bath solution at a pressure of 30 mmHg enhanced the membrane potentials to 29.38 Ϯ 7.82 mV (n ϭ 6; Fig. 4A ) and initiated the spike firing in two cells out of six (Fig. 4B) . We then investigated the effect of mechanical stimulation on APs of FAST DiI-labeled TG neurons, in which an inward current had been evoked by mechanical stimulation. Figure 4 , C and D, shows that bath solution ejection at a pressure of 30 mmHg significantly increased the frequencies of APs from 10 Ϯ 9.37 Hz to 18.5 Ϯ 17.35 Hz (n ϭ 10, 10 neurons from 7 rats, P Ͻ 0.01). The above results suggest that mechanical stimulation can be transduced to electrical signal via activation of MS channels in the membrane of FAST DiI-labeled TG neurons.
Identification of candidate MS channel proteins in FAST
DiI-labeled TG neurons. Four types of channels, including the 2P-domain K (K2P), ASICs, the TRP channel superfamily, and Piezo proteins are currently considered candidates for mechanotransducers (9, 10, 13, 16, 47) . We first tested the effects of inhibitors of a different MS channel family, which are structural analogs of certain channel candidates. The effects of these inhibitors can provide indirect information on the structure of MS channels in the membrane of FAST DiI-labeled TG neurons. The bath application of RR (5 M) (14) , the nonspecific blocker of the TRP family and Piezo proteins (7, 9) , caused an 80 Ϯ 17% decrease in the amplitude of the inward currents from 20.05 Ϯ 13.07 pA/pF to 3.56 Ϯ 3.8 pA/pF (Fig. 5, A and B, n ϭ 7, 7 neurons from 5 rats, P Ͻ 0.05). The bath application of amiloride (100 M) (38) , the nonspecific inhibitor of ASICs (16, 38) , reduced the amplitude of the currents by 15 Ϯ 26% from 21.87 Ϯ 25.66 pA/pF to 16.46 Ϯ 18.29 pA/pF (Fig. 5, C and D, n ϭ 14, 14 neurons from 8 rats, P Ͻ 0.05). Unlike RR, the inhibitory effect of amiloride on MS currents varied widely from one neuron to another; amiloride showed no inhibitory effect in 5 neurons out of 14 (data not shown). These results suggest that members of the Piezo protein, TRP family, and ASIC family may be involved in the mechanotransduction in the membrane of FAST DiI-labeled TG neurons, and ASICs may play a role in some of them.
Among the members of the three families mentioned above, Piezo1, Piezo2, TRPA1, TRPV4, ASIC2, and ASIC3 have been documented as candidates for the MS channel (13) . Therefore, we conducted immunofluorescence staining with antibodies for these channel proteins to determine the specific MS channel proteins in FAST DiI-labeled TG neurons. The results showed that TRPA1 (green color) was strongly expressed in the membrane and colocalized with FAST DiI (red color) in FAST DiI-labeled TG neurons (Fig. 6A) . As shown in Fig. 6B , TRPV4 (green color) was present in the plasma and nucleus and colocalized with FAST DiI (red color) in FAST DiI-labeled TG neurons. ASIC2 and ASIC3 (green color) were present in the plasma and colocalized with FAST DiI (red color) in some FAST DiI-labeled TG neurons (Fig. 6, C and  D) , while the fluorescence of Piezo1 (Fig. 6E) and Piezo2 (Fig.  6F) was very dim, similar to that of the negative control (Fig.  6G) . These results indicate that TRPA1, TRPV4, ASIC2, and ASIC3 might be candidate mechanotransduction channel proteins in FAST DiI-labeled TG neurons.
Contribution of TRPA1 to MS currents in FAST DiI-labeled TG neurons. Although TRPA1, TRPV4, ASIC2, and ASIC3 channel proteins were all expressed in FAST DiI-labeled TG neurons, we observed that only TRPA1 was strongly expressed in the membrane, while the others were mainly expressed in the cytoplasm and nucleus. Therefore, we performed a whole cell patch-clamp experiment using isolated FAST DiI-labeled TG neurons to further investigate the existence of functional TRPA1 in the membrane of FAST DiI-labeled TG neurons. After 50 M AITC, a specific analog of TRPA1 (11), was applied via the tube drug application system, an inward current was recorded in FAST DiI-labeled TG neurons (Fig. 7A) . The current density evoked by AITC was 23.37 Ϯ 22.99 pA/pF (n ϭ 19, 19 neurons from 8 rats). We also tested the effect of AITC on the membrane potential of FAST DiI-labeled TG neurons. As shown in Fig. 7B , AITC (50 M in the tube drug application system) induced a depolarization of the membrane with 44.33 Ϯ 14.65 mV (n ϭ 7, 7 neurons from 5 rats) and evoked a series of spike firing in FAST DiI-labeled TG neurons. These results provide electrophysiological evidence for the existence of functional TRPA1 in the membrane of FAST DiI-labeled TG neurons.
The TRPA1 channel protein has been implicated in various physiological processes, including not only mechanosensation, but also thermosensation and pain sensation (8, 22, 25, 27, 40, 52) . To further determine whether the TRPA1 channel proteins contributed to MS currents in FAST DiI-labeled TG neurons, we tested the effect of HC-030031, a specific inhibitor of TRPA1 (8, 22, 27, 40) , on MS currents. As shown in Fig. 7 , C and D, the bath application of HC-030031 (25 M)(15) caused a 42 Ϯ 13% decrease in the amplitude of MS currents from 39.19 Ϯ 35.25 pA/pF to 20.65 Ϯ 15.37 pA/pF (n ϭ 6, 6 neurons from 3 rats, P Ͻ 0.05), and the inhibited currents could partially recover after washout (data not shown). This result indicates that the TRPA1 channel protein participates in the mechanotransduction in the membrane of FAST DiI-labeled TG neurons.
DISCUSSION
Our present study demonstrates the existence of MS channels and the process of mechanotransduction in the membrane of TG neurons innervating inner walls of anterior chambers. Here, we propose that there is mechanoreceptive TG nerve endings in inner walls of anterior chambers. B: the ordinate shows the current density. Data for current density before and after bath application of 5 M RR are shown as means Ϯ SD (n ϭ 7, 7 neurons from 5 rats). *P Ͻ 0.05, significant difference between each column. C: inhibition of the mechanically activated whole cell currents by amiloride. Currents elicited by mechanical stimuli in the same neuron before (left) and after (right) bath application of 100 M amiloride are shown. D: the ordinate shows the current density. Data for current density before and after bath application of 100 M amiloride are shown as means Ϯ SD (n ϭ 14, 14 neurons from 8 rats). *P Ͻ 0.05, significant difference between each column.
In this study, we labeled the primary afferent TG neurons innervating inner walls of rat anterior chambers with FAST DiI retrograde tracing. We found that 57.3% FAST DiI-labeled TG neurons showed an inward current in response to bath solution ejection. Increases in stimulus intensity were associated with incremental increases in the magnitude of the current. This characteristic is consistent with previous studies on MS currents (12, 13, 39) . The finding that Gd 3ϩ blocks current responses suggests that these responses are mediated by activation of MS channels in the membrane of FAST DiI-labeled TG neurons.
It is well known that the mechanotransduction process involves not only the activation of MS channels, but also the activation of voltage-gated ion channels that finally initiate APs (6, 18, 30, 39) . In this study, we further found that a mechanical stimulus could depolarize the membrane and trigger spike firing in FAST DiI-labeled TG neurons, in which a MS current had been evoked. This means that a mechanical signal can be transduced into an electrical signal by TG neurons innervating inner walls of anterior chambers. Since most receptor molecules are expressed both on membranes of cell bodies and on nerve endings, studies performed on cell bodies of in vitro sensory neurons are similarly convincing in understanding of the sensory transduction in nerve endings (6, 13) . Therefore, we propose that there are mechanoreceptive TG nerve endings equipped with MS channels in inner walls of anterior chambers. However, about 43.7% FAST DiI-labeled TG neurons showed no response to the same mechanical stimulation, supporting the notion that not all TG nerve endings in inner walls of anterior chambers exhibit mechanosensitivity characterization.
Accumulating evidence has shown that the primary afferent nerve in IOP neural regulation may be present in the TG nerve (43, 46, 49, 53) . Thus, the nerve endings of the afferent neurons in TG may provide the basis for the sensory apparatus of this afferent pathway through a mechanotransduction mechanism, like the other mechanoreceptors that have been documented. It has been reported that the majority of A␦-fibers of TG nerves innervating the rabbit cornea (37) and mouse cornea (34) are mechanoreceptive. However, these A␦-fiber endings terminate in the superficial epithelial layers of the cornea (34, 37) . The distribution of these fibers suggests that they are more likely to be responsible for the perception of external mechanostimulation. In contrast, as evidenced in our present study, the mechanoreceptive TG nerve endings distribute in inner walls of anterior chambers and definitely will be extended and deformed during IOP elevation; therefore, they are more likely responsible for the mechanotransduction effect of TG nerve during IOP variation (4, 43, 53) . Previous studies by Selbach et al. (46) and Tamm et al. (49) have provided morphological evidence to support our results. These authors reported that TG nerve endings in the scleral septa and trabecular meshwork of human and monkey eyes exhibit a typical characteristic of mechanoreceptive nerve endings; they also hypothesized that these mechanoreceptor-like TG nerve endings might play a role in IOP sensation.
Some members of the K2P, ASICs, and TRP channel superfamily proteins and Piezo proteins are considered candidate channel proteins for mechanotransducers (9, 10, 13, 35) . Therefore, we tried to determine the specific MS channel proteins in the membrane of mechanosensitive TG nerve endings in inner walls of anterior chambers. The inhibitory effect of RR and amiloride indicated that members of the Piezo proteins, TRP family, and ASIC family might be involved. The result of immunofluorescence staining showed that TRPA1 might be the relevant MS channel protein among the candidates. The inward currents induced by AITC further demonstrated the existence of the functional TRPA1 channel protein in the membrane. Ultimately, the inhibitory effect (42 Ϯ 13%) of HC-030031 on MS currents proved the considerable contribution of TRPA1 to MS currents in mechanosensitive TG neurons innervating inner walls of anterior chambers. Previous studies have demonstrated that the TRPA1 channel protein has an effect on the mechanosensation process in other tissues. It has been suggested to form the main mechanotransduction channel of the inner ear based on expression patterns and gene knockdown strategies (8, 42) , but this proposal was not supported by gene knockout strategies (2, 31) . The Caenorhabditis elegans ortholog of mouse TRPA1 was reported to be expressed in mechanosensory neurons and to contribute to neural responses to touch (28) . Recently, Minagawa et al. (40) found that the TRPA1 channel played a role in the activation of mechanosensitive afferent nerve activities of both A␦-and C-fibers in the rat bladder. Based on the expression of TRPA1 in small-diameter neurons of mammalian sensory ganglia, some researchers proposed that TRPA1 might play a role in mechanical pain sensation (3, 29) . Taken together, we propose that the TRPA1 channel protein may be a major mechanotransducer in the membrane of the mechanosensitive TG nerve endings in the inner wall of anterior chambers, and a potential IOP baroreceptor.
A previous study showed that ASIC2 might be a major contributor to mechanotransduction in rat artery baroreceptor neurons (35) . In the present study, the inhibitory effect of amiloride on MS currents varied greatly from one neuron to another; together with the immunofluorescence-staining result showing that ASIC2 and ASIC3 are only present in some FAST DiI-labeled TG neurons, these results suggest that there may be two types of FAST DiI-labeled TG neurons, one with ASIC channel protein in the membrane, and another without. Taken together with MS currents recorded from FAST DiIlabeled TG neurons exhibiting different inactivation times, we propose that there are different functional types of mechanoreceptive TG nerve endings in inner walls of anterior chambers.
It has long been known that patients with glaucoma tend to exhibit greater fluctuation in IOP compared with normal sub- jects. It has been shown that IOP fluctuation control could be beneficial in glaucoma treatment, while uncontrolled fluctuation could be a major risk factor for the progression of the disease (1, 5) . However, the mystery of IOP baroreceptor has hampered not only our understanding of the disease of glaucoma, but also our ability to find a remedy to mitigate pressure fluctuation clinically. Our findings on MS channels in TG neurons innervating inner walls of anterior chambers and their function of mechanotransduction may represent a valuable clue for exploring the mechanism of intraocular baroreceptors. Whether the mechanoreceptive TG nerve endings as evidenced in our present study play a role in IOP sensation warrants further investigation.
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